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Arrangement and method of testing an integrated circuit 



The invention relates to an arrangement and a method of testing an integrated 
circuit comprising a combinational logic system, which arrangement performs a test of the 
behavior of the combinational logic system in comparison with test software which emulates 
the nominal behavior of the integrated circuit. 

Integrated circuits are usually tested after their manufacture, i.e. it is checked 
whether they operate as desired. A known method is the so-called stuck-at-error model. In 
this error model it is individually checked for each element of the combinational logic system 
whether its input and/or output has a too strong coupling with the positive power supply 
potential and/or the reference potential. This testing method is a more or less static method in 
which no edge transitions can be checked. This serious drawback is offset by the advantage 
that so-called combinational test sample generators can be used which have a relatively 
simple structure and mode of operation. 



In the method known from the prior art, a so-called sequential test sample 
generator must be used when also edge transitions are to be checked, which generator checks, 
for example, in two test clocks, the states of the combinational logic system and thus also 
allows testing of edge transitions. The serious drawback of this solution is that such 
sequential test sample generators are very elaborate and therefore expensive. Furthermore, a 
very large number of test vectors must be generated for this test, so that also the test as such 
is elaborate. An example of a method using such a sequential test sample generator is known 
from US 5,377,197. 



It is an object of the invention to provide a test arrangement and a test method 
which can operate with a combinational test sample generator and, in addition, allows 
checking of edges in the combinational logic system. 

For a testing arrangement according to the invention, this object is solved in 
that the test software comprises two identical software models of the combinational logic 
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system to be tested, in which a test sample is applied for test purposes to a first of these 
software models and whose output signals are coupled to a second of these software models, 
in that the integrated circuit comprises a test circuit which, in a test mode, applies a test 
sample in a first test clock cycle to the input of the combinational logic system of the 
5 integrated circuit and takes over the output signal in a buffer memory, and which feeds back 
this test sample in a second test clock cycle to the input of the combinational logic system 
and again takes over the output signal of the combinational logic system in the buffer 
memory, and in that, at the end of the second test clock cycle, the arrangement compares the 
results of the combinational logic system of the integrated circuit in the buffer memory with 
Q 10 the results of the second software model. 

J! The integrated circuit comprising the combinational logic system to be tested, 

I v s which may comprise circuit elements of different types such as, for example, gates and 

£P particularly comprise no memorizing components, is emulated by means of a software model. 

]f This software model can be run in a computer and is implemented in such a way that it 

^ 15 emulates, i.e. copies the behavior, or more precisely the nominal behavior of the 
m combinational logic system. An essential characteristic feature of the arrangement according 

?1 to the invention is that this logic model of the combinational logic system is provided in a 

p double form. Thus, more specifically, two identical consecutively arranged logic models of 

the combinational logic system to be tested are concerned. When a test sample is applied to 
20 the first software model, its output signals are applied as input signals to the second software 
model. The output signals of the second software model are evaluated for testing in a way to 
be further described. 

The integrated circuit to be actually tested, i.e. the hardware, comprises a test 
circuit which can be activated in a test mode. The test circuit comprises a buffer memory 
25 used for running a test sample through the combinational logic system twice in succession. 
This is effected in that a test sample which is applied in a first test clock cycle to the input of 
the combinational logic system of the integrated circuit is taken over in the buffer memory at 
the end of this test clock, In a second test clock cycle, this result is again applied to the input 
of the combinational logic system and is available as a test result in the buffer memory at the 
30 end of this second test clock cycle. Also in the actual hardware, i.e. the combinational logic 
system in the integrated circuit, a test sample is passed through this logic system twice in 
succession and thereby changed. 

Since in one test clock cycle a test sample is passed through the combinational 
logic system twice in succession both in the hardware and in the software model, their 
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dynamic behavior, i.e. the edge behavior can be checked. In the first test clock cycle, given 
states are generated in the combinational logic system. These are replaced by new states in 
the second test clock cycle. By checking the states at the end of the second test clock cycle, it 
can thus be checked whether all elements of the combinational logic system have performed 
the change from the first state in the first test clock cycle to the state in the second test clock 
cycle. 

To check the mode of operation of the integrated circuit and the combinational 
logic system provided in this circuit, the result of the buffer memory is compared in the 
integrated circuit with the result of the two consecutively arranged software models at the end 
of the second test clock cycle. This comparison directly shows whether the combinational 
logic system in the integrated circuit has the desired nominal behavior. 

In the testing arrangement according to the invention, the test samples can be 
generated by means of a relatively simple combinational test sample generator. This results in 
a really reduced test effort and costs. Based on the above-described test clock cycles and the 
double software model, edges in the signals of the combinational logic system can still be 
tested. 

In an embodiment of the invention as defined in claim 2, the buffer memory is 
constituted as a shift register by means of which the test samples are written and/or read. In 
this way, the buffer memory can take over data in parallel from the combinational logic 
system and apply them to the input of the combinational logic system, and it can serially 
write or read test samples. 

According to the invention, the object is further solved for a testing method as 
defined in claim 3. 

These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 

In the drawings: 

Fig. 1 shows diagrammatically a combinational logic system to be tested, with 
a test circuit, and 

Fig. 2 shows diagrammatically test software in which the software model is 
present in a double form for emulating the combinational logic system of the integrated 
circuit of Fig. 1. 
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Fig. 1 diagrammatically shows elements of an integrated circuit. In the 
integrated circuit, particularly a combinational logic system 1 is to be checked. Such 
checking processes are useful after manufacture of the integrated circuit and the 
combinational logic system so as to check its correct behavior. This relates to the hardware, 
i.e. to the integrated circuits of the combinational logic system 1 obtained after the 
manufacturing process. 

The integrated circuit comprises a test circuit consisting of flip-flops 2, 3, 4 
and 5. These flip-flops are used as buffer memories for storing the test results of the 
combinational logic system 1 and for writing and reading test samples. 

To this end, first inputs of the shift registers 2, 3, 4 and 5 are coupled to 
outputs of the combinational logic system 1. Data from the combinational logic system 1 are 
taken over via these first inputs during the tests. This is effected in dependence upon a clock 
signal CLK which is applied to a respective clock input of the flip-flops 2, 3, 4 and 5. 

A test signal denoted by TEST in the Figure is applied to respective third 
inputs of the shift registers 2, 3, 4 and 5. By means of this test signal, the overall circuit can 
be set to a test moBe in which the flip-flops 2, 3, 4 and 5 are switched to a fourth input from 
which they take over the data. The first flip-flop 2 takes over data of a test signal TI which is 
a test sample. The output of the flip-flop 2 is coupled to the second input of the flip-flop 3, 
the output of the flip-flop 3 is coupled to the second input of the flip-flop 4 and the output of 
the flip-flop 4 is coupled to the second input of the flip-flop 5. Thus, a shift register is 
obtained when the test signal TEST is activated. This shift register allows serial writing of TI 
data via the input into the chain of flip-flops 2, 3, 4 and 5 which constitute a shift register in 
this mode of operation. In a corresponding manner, data can also be read via this chain, 
which reading operation is performed via the output of the last flip-flop 5. This connection is 
denoted by TO in the Figure and allows reading of a test sample stored in the flip-flops 2 to 
5. 

The combinational logic system 1 further has inputs PI and outputs PO which 
are inputs and outputs provided for the actual application of the combinational logic system. 
They are also activated during testing, particularly data are thus applied to the inputs PI 
during testing. 

The outputs of the flip-flops 2, 3, 4 and 5 are fed back to respective inputs of 
the combinational logic system 1 . 




PHDE000118 

5 11.07.2001 
According to the invention, the following events occur in the process of testing 

the circuit. 

Initially, a test sample consisting of four bits in this example is written into the 
flip-flops 2, 3, 4 and 5 via the input TI in the case of an activated test signal TEST. This is 

5 done serially because in this state the flip-flops 2 to 5 constitute a kind of shift register. 
Subsequently, a test clock cycle is performed for testing the combinational logic system, 
during which cycle the test sample written into the shift register constituted by the flip-flops 
2 to 5 is fed back to the inputs of the combinational logic system 1, passes through the 
combinational logic system 1 and is changed. The corresponding data are taken over in 

0 parallel in the flip-flops 2, 3, 4 and 5 at the end of this test clock cycle. Subsequently, these 
data, which are present at the outputs of the flip-flops 2 to 5, are run through the 
combinational logic system 1 again in a second test clock cycle. The data which are then 
changed again are again taken over in the flip-flops 2, 3, 4 and 5. Finally, these data are 
serially read via the test output TO. 

5 As a result, a test sample will run through the combinational logic system 

twice in this manner. In the first test clock cycle, the elements of the combinational logic 
system will assume given states. Due to the second passage, these states are changed again. 
By checking the states at the end of the second test clock cycle, it can thus be checked 
whether the elements of the combinational logic system 1 to be checked have changed from 

0 the state at the end of the first test clock cycle to the nominal state at the end of the second 
test clock cycle. 

Since only one test vector is provided for both test clock cycles, which vector 
consecutively runs through the combinational logic system twice, and since this test vector 
also needs to be read only once at the end of the second test clock cycle, a so-called 
5 combinational test sample generator may be used, which is relatively simple. 

To check the test results, test softwape'is provided which is shown 




diagrammatically in Fig. 1. The test softwarepmnprises a first software model 1 1 which 
emulates, i.e. imitates the behavior of tW6ombinational logic system of the hardware, i.e. the 
combinational logic system 1 of Fig^. In Fig. 2 diagrammatically showing the software, a 
0 second software model 1 6 is pjtfvided which is identical to the first software model 1 1 . This 
second software model th^similarly emulates the behavior of the combinational logic 
system 1 of the hardware shown in Fig. 1. The second software model 16 is preceded by the 
first software model/1 1, i.e. the input signals it takes over are the output signals of the first 
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The software model of Fig. 2 also comprises flip-flops 12, 13, 14 and 15 
which are arranged in the test software similarly as the hardware flip-flops of the circuit of 
Fig. 1. Also these flip-flops 12, 13, 14 and 15 in the software model allow a take-over of test 
samples from the software models, reading of these test samples in a software model and 
writing and reading test samples via a test input TIs and a test output TOs- 

The first software model 1 1 has prWary inputs PI1 S which correspond to the 



(K 

inputs Pis of the combinational logic system 1 ofi'fcig. 1 . Similarly, the second software 
model 16 has a primary input PI2 S . The seconcr software model 16, switched over by means 
of multiplexers 17 and 1 8 and a switching signal PIS S applied thereto, may receive either the 
input signal PI1 S or the input signal PI2 S . In the software model, these signals are of course 
used for testing! They are essential because these signals are superimposed on the test 
samples in the models of the combinational logic systems 1 1 and 16. The second software 
model 16 further has primary outputs POs. 

The test run described above with reference to Fig. 1 for the hardware is 
performed similarly for the software of Fig. 2. First, a test sample is taken over via the test 
input TI S in the flip-flops 12, 1/3, 14 and 15. Subsequently, this test sample is run through the 
two software models 1 1 and If 6. The output signal of the second software model 16 is then 
again taken over in the flip-|lops 12, 13, 14 and 15 and can be read via the test output TEST S . 

Since the combinational logic system is provided as a double software model 
1 1 and 16 in the test software of Fig. 2, no double passage by the software models is required 
in this case. In contrast, the second software model 16 supplies the nominal results after the 
two test clock cycles. These are compared with the results generated in the two test clock 
cycles in the hardware of Fig. 1, which results are finally readable via the test output TO of 
the circuit of Fig. 1 . 

Due to the fact that a test sample runs through the combinational logic system 
1 of the hardware of Fig. 1 twice consecutively and that the software model of this 
combinational logic system in Fig. 2 is doubled in the form of software models 1 1 and 16, a 
test is possible in which a simple combinational test sample generator can be used and in 
which nevertheless a conclusion about the dynamic behavior, particularly the edge behavior 
of circuit elements of the combinational logic system 1 can be made. This is possible in that 
two states are generated one after the other in the combinational logic system 1 so that the 
transition from the first to the second state can be checked. This corresponds to checking the 
dynamic behavior or the edge behavior of circuit elements of the combinational logic system 
1. 



